ABSTRACT. Persimmon (Diospyros L.) is an economically important fruit in the world, and it has been recognized as a healthy nutrient supply for human consumption. In this study, 14 microsatellite markers were developed from an AG/TC and AC/TG-enriched genomic library of Chinese persimmon Mopanshi. Twelve polymorphic markers were selected in 4 related species; these markers showed transferability to the 4 related persimmon species. In addition, 10 simple sequence repeat (SSR) markers were used to detect the genetic diversity among 51 persimmon accessions from China, Japan, and Korea. A total of 57 polymorphic bands with an average of 5.7 bands per primer pair were observed. According to cluster analysis and principal coordinate analysis, all persimmon accessions could be divided into 4 groups. species of persimmon. These new SSR markers provide tools for evaluating genetic relatedness among different persimmon species.
INTRODUCTION
The genus of Diospyros (Ebenaceae) consists of about 400 species and is widely distributed from tropical to temperate regions of Asia, Africa, and Central-South America . Persimmon (Diospyros kaki Thunb.), which is native to China, is the most important species and is mainly cultivated in China, Japan, and Korea. Recently, this crop has become an alternative for fruit growers in Italy, Israel, and Spain. There are abundant persimmon germplasm resources in China. More than 900 accessions were collected and about 550 genotypes have been held in the National Field Genebank for Persimmon in Yangling, Shaanxi, China (Wang et al., 1997) . Little is known about the infrageneric relationships within Diospyros, the genetic variation within the species, and mechanisms of evolution. Investigations that focus on their genetic variability could provide insight into their classification, conservation, utilization, and evolution.
Simple sequence repeats (SSRs) are highly polymorphic, codominant, easily reproducible, and often single-locus markers that are widely used for variability analysis and other applications in genetics and breeding. Recently, a set of 22 persimmon SSRs obtained from a CT/AG-repeat-enriched library was developed by Soriano et al. (2006) , 9 SSR primers were developed in Japanese persimmon using inter-simple sequence repeat-polymerase chain reaction (ISSR-PCR) (Guo and Luo, 2006a) , and 6 SSRs were isolated using amplified fragment length polymorphisms (AFLPs) of sequences containing repeats (Guo and Luo, 2008) . However, there are fewer SSR markers for persimmon than other fruit trees.
The objectives of this study were to develop and identify SSR markers from Chinese persimmon and to evaluate the genetic diversity of persimmons that originated from China, Japan, and Korea. Our study will facilitate the efficient evaluation, conservation, and utilization of Chinese persimmon germplasm resources.
MATERIAL AND METHODS

Plant materials
The Chinese local variety Mopanshi was used to develop polymorphic microsatellite loci. Four species: date-plum (D. lotus L.), Chekiang persimmon (D. glaucifolia Metc.), oily persimmon (D. oleifera Cheng.), and Jinzaoshi (Diospyros sp) were used to evaluate the polymorphism and transferability of developmental microsatellite loci. Fifty-one genotypes of persimmon (Diospyros L.) were selected to evaluate the universality of primers (Table 1) . These genotypes, which belong to the C-PCNA (China, pollination-constant non-astringent), J-PCNA (Japan, pollination-constant non-astringent), and PCA (pollination-constant astringent) types, were selected from 14 different provinces of China, Japan, and Korea. Among them, 43 genotypes were D. kaki Thunb. The different genotypes showed rich diversity in traits including fruit size, color, shape, and texture. Oily persimmon-02
Pollination-constant non-astringent (PCNA), pollination-constant astringent (PCA).
SSR marker development
Fourteen SSR markers were developed from a library enriched for AG/TC and AC/ TG motifs and constructed with genomic DNA from the Chinese local variety Mopanshi using the method based on biotinylated oligonucleotide sequences bound to streptavidin-coated magnetic beads that was described by Gao et al. (2003) with some modifications. Genomic DNA was digested with EcoRI and MseI restriction enzymes. The cloning of the PCR products was carried out by using the pGEM-T ® Easy Vector Kit (Promega, USA). Recombinant plasmids were identified by means of blue-white screening. After colony PCR selection with plasmid primers SP 6 and T 7 , inserts with 200-500 bp were sequenced using an ABI PRISM 377 DNA sequencer (Applied Biosystems, USA) and the BigDye Terminator version 1.1 Cycle Sequencing Kit (Applied Biosystems). Sequences were analyzed by Clone Manager 7 software (Version 7.04, Sci Ed Central, USA). Primer pairs were designed from the regions flanking the microsatellite to be 18-25 bp long with an annealing temperature between 45 and 65°C (optimum 55°C) and have an expected product size of 100-300 bp using the program Primer Designer 5 (version 5.04, Sci Ed Central).
SSR analysis
For genotyping, genomic DNA was extracted and tested from silica-dried young leaves by the cetyltrimethylammonium bromide method . PCRs were carried out in a total volume of 25 µL containing 50 ng DNA, 0.2 mM dNTPs, 5 pM primer, 2 mM Mg 2+ , 1 U Taq DNA polymerase (Qiagen, USA), and 1X Taq Buffer (10 mM Tris-HCl, pH 8.3, 50 mM KCl). The annealing temperature for each primer pair was optimized using a Mastercycler ® ep gradient (Eppendorf, Germany), and the PCR products were checked by electrophoresis on a 2% agarose gel. To evaluate polymorphic loci using optimized annealing temperatures, a GeneAmp PCR system 9700 thermal cycler (Perkin Elmer, USA) was used. Cycling conditions were as follows: initial denaturation at 94°C for 5 min; 30 cycles at 94°C for 45 s, the primer-specific annealing temperature (Table 2) 72°C for 7 min. PCR products were separated by electrophoresis on denaturing 6% polyacrylamide gels and visualized by silver staining. The molecular size of the amplified fragments was estimated using a 10-bp ladder (Invitrogen, USA).
Data analysis
The power of discrimination (PD) was defined as PD = 1 -∑g i 2 , where g i is the frequency of the ith genotype (Kloosterman et al., 1993) . Each SSR fragment was scored as present (1) or absent (0) for each of the 51 DNA samples excluding the weak and blurred bands, thus generating a binary data matrix. A locus was considered polymorphic if more than one band was detected by the same primers in all individuals . The binary data matrix was analyzed using the NTSYS-pc version 2.1e software package (Rohlf, 2000) . The pairwise genetic distances among all cultivars according to Nei (1978) were calculated based on Jaccard's similarity coefficient. Cluster analysis was performed using the unweighted pair-group method with arithmetic average (UPGMA). The dendrogram was constructed using the NTSYS-pc version 2.1 software package (Rohlf, 2000) .
RESULTS
Evaluation of SSR markers
Twelve primer pairs were used to investigate the transferability of the primers and polymorphism in 4 related species: date-plum (D. lotus L.), Chekiang persimmon (D. glaucifolia Metc.), oily persimmon (D. oleifera Cheng.), and Jinzaoshi (Diospyros sp). Locus characteristics, primer sequences, and GenBank accession numbers of 14 microsatellite loci are listed in Table 2 , and the genetic parameters of the 12 microsatellites that were evaluated in 4 Diospyros spp are summarized in Table 3 . All 12 loci were polymorphic in the 4 Diospyros spp, and each locus had 4 to 8 alleles. The observed (H O ) and expected (H E ) heterozygosity at each locus ranged from 0.09 to 0.97 (average 0.77) and 0.45 to 0.87 (average 0.68), respectively. The PD ranged from 0.16 to 0.92, with an average value of 0.61. A* = number of alleles per locus; H O = observed heterozygosity; H E = expected heterozygosity; PD = power of discrimination; numbers and ranges listed below each species indicate the locus size (in bp).
Polymorphism of the SSR markers
In this study, 10 SSR markers were used to evaluate the genetic diversity of 51 persimmon accessions. A total of 59 bands were amplified ranging in size from 84 to 320 bp, and 57 (96.25%) bands were polymorphic (Table 4) . Each primer pair generated 4 to 8 bands with an average of 5.9 bands per primer pair, and the percentage of polymorphic bands produced by each primer ranged from 75 to 100%. 
Cluster analysis
The pairwise genetic similarity value was calculated using Jaccard's coefficient to assess the genetic distance among 51 persimmon accessions. The Jaccard's coefficient of similarity value ranged from 0.38 to 0.86, which indicated that a relative high level of genetic diversity existed among these persimmons.
Cluster analysis by the UPGMA was used to construct the dendrogram based on Nei's genetic distance. The results showed that all persimmon accessions could be divided into 4 major clusters at the similarity level of 0.508 (Figure 1 
Principal component analysis
Principal coordinate analysis (PCoA) further helped to describe the variability among these accessions in a 2-dimensional mode . PCoA was completed using the genetic similarity matrix and aimed to better understand the relationships between the accessions (Figure 2 ). As shown in Figure 1 , the classification of different persimmon accessions derived from PCoA was similar to the classifications by UPGMA analysis. Groups 1-4 of the PCoA-based dendrogram corresponded to Clusters 1-4 in the UPGMA-based dendrogram. These results showed that D. oleifera, D. glaucifolia, D. lotus, and Jinzaoshi (Diospyros sp) were distinctly differentiated. 
DISCUSSION
Recently, some molecular markers were used to analyze the genetic diversity of persimmon species; these markers included random amplification of polymorphic DNA, restriction fragment length polymorphism, AFLP, sequence-related amplified polymorphism (SRAP), inter-retrotransposon amplified polymorphism, and retrotransposon-microsatellite amplified polymorphism markers (Luo et al., 1995; Kanzaki et al., 2000; Maki et al., 2001; Badenes et al., 2003; Yamagishi et al., 2005; Guo and Luo, 2006a; Guo et al., 2006; Yonemori et al., 2008a,b; . Among the different molecular markers, SSRs, which are also called microsatellites, are the best-suited markers for genotyping the Diospyros genus (Luo et al., 2013) . Guo and Luo (2006a , 2008 , 2011 reported several SSR markers by ISSRsuppression PCR. Soriano et al. (2006) developed 22 SSRs using a CT/AG-repeat-enriched library. However, SSR markers of persimmon were not updated. In this study, 14 SSR markers were developed from the Chinese local variety Mopanshi. All loci except mDP16 showed high levels of heterozygosity and high PD values in the set of individuals that were tested. One hundred percent of these markers produced PCR products of the expected size with polymorphisms in 4 tested Diospyros species, indicating their high level of transferability to other Diospyros species. Therefore, these SSR markers may be useful to study the genetic diversity in Diospyros.
Persimmon has existed for 10,000 years in China . In addition, Japanese persimmon (or Oriental persimmon) is reported to have originated in China (Yakushiji and Nakatsuka, 2007) . Today, more than 900 accessions of persimmon were collected in the National Field Genebank for Persimmon in China. The genesis basis of persimmon and genetic relationships of some species have some controversy and confusion. Thus, 10 developed SSR markers were used to evaluate the genetic diversity among some Chinese, Korean, and Japanese wild persimmon species. In this study, the 96.25% of markers were polymorphic, which is a higher value than those reported in previous studies using SSRs and other markers. For example, Guo and Luo (2006b) reported that the polymorphic percentage of 27 genotypes was 80.88% using SRAP markers. Luo et al. (2013) concluded that the polymorphic percentage of 20 genotypes of persimmon was 94.87% based on targeted region amplified polymorphism markers. Naval et al. (2010) found that the polymorphic percentage of 71 persimmon cultivars was 74% by SSR markers. Soriano et al. (2006) reported that 22 SSR markers generated 2 to 8 alleles per locus (average 5.14) in 12 persimmon cultivars. In contrast, our polymorphism rates were higher, and each primer pair generated 4 to 8 bands per locus (average 5.9). Our results showed that SSR markers displayed rich polymorphism in Chinese persimmon. The polymorphism levels in this study also suggest that SSR markers are a reliable and effective tool to analyze the genetic diversity of persimmon and that a high level of genetic diversity existed among Chinese persimmon species.
In this study, the 51 persimmon accessions were divided into 4 major clusters at the similarity level of 0.508. Cluster 1 consisted of 6 genotypes of D. kaki that included Louhe, Yuanxiaoshi, Laoshigou, Dayeshushi, Licheng Mianshi, and Sanyuan shaoshi, and these genotypes originated from different provinces. However, a close relationship was found among these 6 genotypes of D. kaki, which suggested that the individual plants are genetically similar. This clustering result agreed with their morphological characteristics. In cluster 2, Korean, Japanese, and Chinese native persimmons were clustered together. Among them, Changanmiandanshi, Luotian Tianshi, and Tianbaogai, which originated from China, were clustered with two genotypes of D. oleifera. This indicated that they may be closely related. In addition, Hybrid No.1 and Hybrid No.2 were the hybrid offspring from Jiro; thus, they were clustered together. found that a close relationship existed between D. glaucifolia and D. lotus using SRAP analysis. In this study, 2 genotypes of D. glaucifolia and 3 genotypes of D. lotus were clustered together, which supported the previous results. Whether Jinzaoshi is a subspecies of another species or a separate species of persimmon is still disputable . In this study, a large distance was found between Jinzaoshi (Diospyros sp) and other species, further supporting the view by that Jinzaoshi is a separate species.
In this study, 14 new SSR markers were developed from Chinese persimmon species, and our results showed that these SSR markers have good universality in different persimmon species.
They could be used to analyze the genetic relationships among persimmon species. Some of the important aims of breeding practices for persimmon are to increase the yield and fruit quality. The identification of persimmon with high genetic diversity becomes a goal of many breeding programs that aim to explore the heterosis. It is essential for breeders using Chinese persimmons as parents to take full advantage of heterosis to delineate the interspecific and intraspecific relationships between Chinese wild types and cultivars that come from other countries.
